African Penguin Spheniscus demersus numbers have declined steadily over three 30 generations, resulting in a loss of nearly 60% since of 1989. The breeding population reached 31 an historic low of ~20,850 pairs in 2019. We use count data and JARA, a generalized Bayesian 32 state-space tool for estimating extinction risk estimates under IUCN Red List Criterion A, to 33 assess the current status of the African penguin population at a global scale. We then 34 deconstruct the overall decline in time and space to identify the regional populations most in 35 need of urgent conservation action. The population in South Africa has declined at a faster 36 annual rate (−5.1%, highest posterior density interval, HPDI: −9.1 to −1.1%) than the 37 population in Namibia, which has remained relatively stable since 1989 (−0.1%, HPDI: −3.7 38 to +3.6%). And within South Africa, the most rapid rate of change has been seen in the 39 Western Cape colonies to the north of Cape Town, which have declined at nearly 10% per 40 annum over the last 20 years. The large declines in the Western Cape (particularly at Dassen 41 Island and Dyer Island), coupled with slower declines at colonies further east have resulted in 42 the Eastern Cape colonies containing ~50% of the South African penguin population in 2019, 43 as compared to ~27% in 1989. These changes have been coincident with changes in the 44 2 abundance and availability of the main prey of the African penguin and eastward 45 displacements of a number of other marine resources in South Africa. Our results highlight the 46 dynamic nature of the decline of the African penguin population in both space and time, and 47 identify clear regions in which urgent conservation action is required.
In South Africa, the numbers of occupied nest sites of African penguins were counted at most 86 extant breeding colonies sporadically between 1979 and 1991 and annually since then [4, 14] .
87
We used counts from 18 localities where penguins breed in South Africa for more than 5 of 88 the 41 years from 1979 to 2019 ( Figure S1 ). Of a possible 737 annual counts, 481 were made 89 and 256 were missed. In Namibia, counts were made more or less annually between 1986 90 and 2016 at the four major colonies that constitute > 95% of the breeding population in that 
94
The methods used to count the numbers of occupied nest sites of African penguins have been 95 outlined in detail by [4, 14] . Briefly, counts were undertaken by teams of people walking through 96 a penguin colony and counting occupied nest sites. Larger colonies were broken down into 97 predefined census areas, each of which was counted separately. Counts were predominately 98 made between February and September each year [4] . At some small and difficult to access 99 localities counts made outside the main breeding season were used if no other count was 100 available for that year. Where more than one count was made at a locality in a year, the highest 101 count was taken to represent the number of pairs breeding there in that year [4] . An occupied 102 site was considered active if it contained fresh eggs or chicks, or was defended by a non-103 moulting adult penguin, and considered potential if it was not active but showed recent signs 104 of use, e.g. the presence of substantial quantities of fresh guano or nesting material, the recent 105 excavation of sand from a burrow nest, the presence of many penguin footprints in its vicinity, 106 or a combination of these factors. Breeding by African penguins is not always synchronous 107 [16] , so potential nests are counted as they may be occupied by pairs that have recently 108 finished breeding or that are about to breed [4] . Groups of unguarded chicks (crèches) were 109 divided by two to estimate the number of nest sites they represented, with remainders taken 110 to represent an additional site, e.g. crèches of five and six chicks would both be taken to 111 represent three nests [14] .
113
Generation length
114
The generation length for African penguins is calculated as: 
120
Accordingly we used ) = 0.81 based on penguins flipper banded and resighted at Robben 121 and Dassen Island between 1989 Island between and 1998 Island between in [18] and between 1994 Island between /95 and 1998 .
122
African penguins can breed for the first time at between 4 and 6 years of age [20] . Together 123 these values yield generation length estimates of between 9.2 and 11.2 years. The previous 124 assessment of African penguins used G = 10 years [21], thus we retain that value here for the 125 consistency. 
141
(2) 142 where , is the growth rate in year . On the log scale, the state process model was: We first fit JARA simultaneously to the data from all 22 breeding colonies (18 in South Africa 166 and 4 in Namibia) to determine the global trend, conservation status and rates of decline for 167 the African penguin over the last three generation lengths (30 years). Thereafter, we subset 6 the data and refit JARA to (1) the four Namibian colonies only to determine the trend, national 169 status and rates of decline for Namibian; (2) the 18 South African colonies only, to give a 170 perspective on the South African population. Then, to examine regional differences within 171 South Africa, we further subset the data into (3) Figure S1 ). Again, in part because of that period of growth and recovery, the 225 rate decline over the last 2G (20 years) has been substantial, at −9.7% (−15.5 to −3.7%, Figure   226 4b). However, unlike elsewhere, this rapid decline has persisted in recent years; the rate of 227 change at the colonies in the West Coast region over the last 10 years (1G) was at −9.5% 228 (−16.7 to −2.1%, Figure 4b ). Overall, this regional population has declined by 70.2%
229
(77.0-62.0%) at an annual rate of change of −3.7% (−8.2 to +0.8%) per annum over the last 230 30 years. Moreover, there is very little uncertainty in this decline; if the IUCN Red List criterion 231 A2 were applied at a regional level, this sub-population would qualify for an EN status with 232 99.9% probability ( Figure S2 ).
234
The trend at the South-West Coast region colonies was initially dominated by the continual 235 decline at Dyer Island, from ~23,000 pairs in 1979 to ~2,300 pairs in 1999 and ~1,050 pairs 236 in 2019 ( Figure S1 ); thus the median rate of change since 1979 was −2.2% (−6.3 to +2.3%) 237 overall and 1.0% (−5.6 to +3.5%) since 1989 (3G, Figure 4d ). More recently, these decreases 238 at Dyer Island have been offset in this region to a small extent by the colonisation and growth 239 (since the 1980s) of the land-based colonies at Boulders Beach and Stony Point to ~950 and 240 ~1,700 pairs respectively ( Figure S1 ). As these two colonies have come to dominate the 241 8 population numbers in this region, so the annual rate of change has shifted from negative to 242 positive, ending at +2.7% (−4.6 to +10.0%) in the last 1G (Figure 4d ). However, these 243 increases did not offset the ~90% decline of the population at Dyer Island (Figure 4c ).
245
Finally, in the Eastern Cape, the population has decreased fairly consistently since 1989 246 ( Figure 4e ) at rate of change ranging from −3.7 (−13.8 to +6.8) to −4.7 (−11.6 to +2.1)% which 247 has in general been slightly slower than the overall rate of change in South Africa (cf. Figure   248 4f with Figure 3e ). Nevertheless, this sub-population has declined by 67.0% (89.1-36.2%) 249 over the last 3G ( Figure S2 ), and has come to represent a far greater proportion of the overall African penguin numbers have declined steadily over three generations, resulting in a 323 loss of nearly 60% since of 1989, and reached an historic low of ~20,850 pairs in 2019. 324
Our results show that its classification as Endangered as per the IUCN Red List is 325 warranted going forward. This is clear cause for concern for this species. However, 326
African penguins have not declined at the same rate across their range, which is 327 disjunct between Namibia and the Western and Eastern Cape provinces of South 328
Africa. This is for various reasons, including differences in the nature and severity of 329 threats and local population dynamics. It follows, then, that there are different 330 conservation management priorities for each subpopulation. 331
332
The Namibian population has declined slightly over the last three generations, but the 333 rate of decline is insufficient to warrant any Red List classification under the A criterion 334 other than Least Concern. However, the Namibian penguin population had already 335 declined by ~70% prior to the start of our dataset in 1986, coincident with the collapse 336 of the sardine stocks there in the 1970s [8] . This broad scale assessment also masks 337 a worrying decline to 3,600 pairs in 2007 before the subsequent recovery. The low 338 numbers of penguins in Namibia is likely maintained by a scarcity of small pelagic fish 339 [32, 33] and the birds' reliance on lower energy prey [34] . Monitoring of breeding 340 colonies in Namibia is an ongoing priority, with an annual census of breeding pairs the 341 minimum requirement to track trends in this population. A recent outbreak of avian 342 influenza in some colonies in Namibia have shown the vulnerability of this population 343 to stochastic events, the effects of which are exacerbated at low population levels [35] . 344 A lack of reliable recent population data curbs the ability of conservation managers to 345 respond to emergent threats and to do assessments. 346
347
The South African population has declined at a much faster rate than the one in 348 [36]. The decline also coincided with an eastward displacement in spawning adults of 355 both these fish [37, 38] driven by a combination of environmental change and fishing 356 pressure [38, 39] , which in turn appears to have worsened the availability of prey for 357 seabirds breeding to the north of Cape Town [40] . The South-West Coast region has 358 remained relatively stable at low levels over the last three generations, while the 359
Eastern Cape region has experienced periods of relative stability followed by declines 360 in the early 2000s and the late 2010s. Because the Eastern Cape population has 361 declined at a slower rate than elsewhere in South Africa, the area has become 362 increasingly important in terms of its relative contribution to the national population. 363
364
A lack of available food, predominantly small pelagic fish, is believed to be the main 365 driver for declines in South Africa over the last three generations [11, 36, 40, 41] , with 366 sporadic oiling events, habitat destruction, disturbance, and predation also 367 contributing to declines [42] [43] [44] [45] . Thus, a key intervention is the identification and 368 protection of key foraging areas. This has been initiated through a 10-year experiment 369 to investigate the effects of fishing closures around penguin breeding colonies, which 370 has shown some benefits to breeding penguins through a decrease in foraging effort 371 and an increase in chick growth and condition [46] [47] [48] , although this has been 372 contested [49] [50] [51] . The initial identification of areas used by penguins during other 373 parts of their life cycle such as pre-and post-moult and during the first few years after 374 fledging has begun [11, 52] but further work is required to determine the most 375 appropriate mechanism to protect penguins during these vulnerable periods [11] . 376
Additional spatial management of sardine and anchovy fishing effort, currently 377 concentrated on the West Coast, will assist with addressing the mismatch between 378 fish distribution and fishing effort [38, 53] . The hand-rearing and release of chicks [54] , 379 and the creation of new breeding colonies have also been suggested as additional 380 ways to mitigate the mismatch between penguin breeding colonies and fish distribution 381
[55] and a pilot site is currently being attempted on the southern coast of South Africa. 382
383
In 2013, the South African government put in place a Biodiversity Management Plan 384 for the African penguin [55] . This plan aimed to halt the decline of the species and 385 thereafter achieve a population growth rate that would result in the down listing of the 386 species' conservation status. While the plan did not achieve its aim, it provides a more 387 coordinated approach to penguin conservation and many key interventions were 388 initiated through the plan. A revised plan is being prepared with fewer, more threat-389 focused actions, and will be implemented from 2020. Our results highlight a rapid, 390 unsustainable decline of almost 10% per year at colonies in the geographic core of 391 the species breeding range (the colonies to the north of Cape Town) and denote a 392 shift to a situation in which colonies at the geographic edge of the species range in the 393 Eastern Cape currently form the stronghold of the African penguin population. Algoa 394
Bay (the location of the Eastern Cape penguin colonies) has been identified as a 395 marine transport hub and potentially as an Aquaculture Development Zone, increasing 396 the risks of oil spills and human disturbance and impact on the ecosystem of the bay. 
